BACKGROUND: Under the Metabolic and Bariatric Surgery Accreditation and Quality Improvement Program, hospitals will receive risk-adjusted outcomes feedback for peer comparisons and benchmarking. It remains uncertain whether bariatric outcomes have adequate reliability to identify outlying performance, especially for hospitals with low caseloads that will be included in the program. We explored the ability of risk-adjusted outcomes to identify outlying hospital performance with bariatric surgery for a range of hospital caseloads. STUDY DESIGN: We used the 2010 State Inpatient Databases for 12 states (N ¼ 31,240 patients) to assess different outcomes (eg, complications, reoperation, and mortality) after bariatric stapling procedures. We first quantified outcomes reliability on a 0 (no reliability) to 1 (perfect reliability) scale. We then assessed whether risk-and reliability-adjusted outcomes could identify outlying performance among hospitals with different annual caseloads.
Overall and serious complications had the highest overall reliability, but this was heavily dependent on caseload. For example, among hospitals with the lowest caseloads (mean 56 cases/year), reliability for overall complications was 0.49 and 6.0% of hospitals had outlying performance. For hospitals with the highest caseloads (mean 298 cases/year), reliability for overall complications was 0.79 and 30.3% of hospitals had outlying performance. Reoperation had adequate reliability for hospitals with caseloads higher than 120 cases/year. Mortality had unacceptably low reliability regardless of hospital caseloads. CONCLUSIONS: Overall complications and serious complications have adequate reliability for distinguishing outlying performance with bariatric surgery, even for hospitals with low annual caseloads.
Rare outcomes, such as reoperations, have inadequate reliability to inform peer-based comparisons for hospitals with low annual caseloads, and mortality has unacceptably low reliability for bariatric performance profiling. Bariatric surgery is one of the most common gastrointestinal operations performed in the United States. 1, 2 With growing national emphasis on surgical quality improvement, the American Society of Metabolic and Bariatric Surgery and American College of Surgeons partnered to create the Metabolic and Bariatric Surgery Accreditation and Quality Improvement Program (MBSAQIP) in 2012. 3 Participating centers will be expected to monitor their outcomes to evaluate internal opportunities for improvement and to compare their risk-adjusted outcomes with other centers. 4 It will be important for both targeted quality improvement and stakeholder buy-in to use reliable risk-adjusted outcomes metrics for accurate benchmarking and peer comparisons in the quality-improvement program. However, bariatric outcomes might not have sufficient reliability to differentiate hospital performance and promote qualityimprovement efforts. Due to low event rates and small caseloads, many surgical outcomes cannot reliably differentiate hospital performance for a variety of procedures. [5] [6] [7] Disclosure Information: Nothing to disclose. Disclosures outside the scope of this work: Dr Dimick has a financial interest in Arbormetrix, Inc., which had no role in this study. Dr Krell received payment from Blue Cross Blue Shield of Michigan for data entry, unrelated to this work. Support: Dr Krell receives support from NIH grant 5T32CA009672-22. The funding organizations had no role in the concept or design of the study, or in the collection, analysis, or interpretation of the data, or in the drafting or review of the manuscript.
Given national trends toward improved safety in bariatric surgery, the ability for bariatric outcomes in particular to identify outlying hospital performance is unclear. [8] [9] [10] [11] Outlier detection is an important criterion of outcomes usefulness in quality-improvement platforms because information from centers with statistically better performance (low outliers) can be used to develop best practices, and centers with statistically worse performance (high outliers) can be used to identify qualityimprovement targets (Fig. 1) . The MBSAQIP will include hospitals with caseloads ranging from very small (>50 annual stapling cases) to very large. 4 Among hospitals with small caseloads, many outcomes might prove to be unreliable indicators of outlier performance status. It is, therefore, of paramount importance to identify reliable outcomes to guide quality-improvement efforts.
In this study, we explored the ability of 4 commonly reported risk-adjusted outcomes to identify outlier performance for bariatric surgery. We assessed outcomes reliability at different levels of hospital caseloads, and then assessed the ability of risk-and reliability-adjusted outcomes to identify outlying hospital performance at different caseloads and reporting thresholds.
METHODS

Data source and study population
We assessed the 2009e2010 State Inpatient Databases for 12 states (Arizona, California, Florida, Iowa, Massachusetts, Maryland, North Carolina, Nebraska, New Jersey, New York, Washington, and Wisconsin), which contain all inpatient discharges from short-term, nonfederal, acute care, general, and specialty hospitals in participating states. 12 Data include patient demographics and primary insurer information, as well as diagnoses and procedures identified by ICD-9-CM codes. For the current study, we identified patients undergoing laparoscopic or open bariatric surgical procedures using a previously validated coding algorithm. 8 In brief, we identified patients with an ICD-9-CM procedure code corresponding to bariatric surgery, a primary or secondary diagnosis code indicating morbid obesity, and a diagnosis-related group code for weight-loss surgery. We excluded patients undergoing laparoscopic adjustable gastric banding procedures, patients younger than 18 years of age, and emergent procedures. In addition, we excluded patients who underwent surgery in hospitals that submitted <50 stapling procedures in 2009. This would allow our cohort to simulate hospitals with "Comprehensive Center" accreditation and avoid examining hospitals that might achieve other levels of accreditation under the new standards. 4 
Outcomes
Our main outcomes variables were overall complications, serious complications, reoperation for any reason, and inpatient mortality. We identified complications and reoperations most applicable to bariatric surgery from secondary ICD-9-CM diagnosis and procedure codes. , and postoperative shock (998.0). We defined serious complications as the presence of any complication and extended hospital stay (5 days), which has been used in other studies of bariatric outcomes. 8, 9 Reoperations were identified from ICD-9-CM procedure codes indicating secondary procedures during the index hospitalization and included reopening of surgical site, closure of dehiscence, control of hemorrhage, splenectomy, removal of retained foreign body, management of deep surgical site infection, or organ injury repairs.
Statistical analysis
The goals of our analysis were to explore the reliability of various bariatric surgery outcomes and to examine their ability to detect outlier hospitals. Analogous to statistical power calculations in clinical trials designed to reduce type II error (failure to detect a difference between groups when one truly exists), reliability represents the degree to which adjusted outcomes rates reflect true quality differences between providers.
14 The main determinant of outcomes reliability is sample size, that is, hospital caseload. 5, 14, 15 To explore the influence of hospital caseloads on performance reporting, we first compared outcomes reliability and outliers across terciles of hospital caseload (lowest caseloads, middle caseloads, highest caseloads). Then, we examined outcomes reliability and outliers when limiting performance reports to hospitals meeting different caseload thresholds chosen a priori from historic and current accreditation standards (none, 50 cases/year, 100 cases/year, and 125 cases/year).
Calculating hospital-adjusted outcomes rates and outliers To calculate hospital-adjusted outcomes rates, we used logistic regression models to calculate each patient's predicted probability of experiencing each of the outcomes (eg, overall complications, serious complications, reoperation, and hospital mortality). All models adjusted for patient age, sex, race, primary insurer, median ZIP code income, procedure type (ie, laparoscopic gastric bypass, open gastric bypass, other stapling procedure), and 29 comorbidities as defined by Elixhauser and colleagues, which are widely used for risk-adjustment using administrative data. 16, 17 Dividing observed outcomes by the sum of predicted outcomes from the logistic regression models yields hospital observed to expected ratios, which, when multiplied by the cohort's overall outcomes rate, yields hospital risk-adjusted rates.
To account for random outcomes variations due to caseload differences, we adjusted hospital outcomes rates and generated hospital-specific standard errors using hierarchical modeling and empirical Bayes techniques, sometimes referred to as "reliability adjustment." [18] [19] [20] In brief, reliability adjustment "shrinks" hospital outcomes rates toward overall outcomes rates proportionally to their level of reliability, with lower caseload hospitals generally experiencing more adjustment (because of their lower overall reliability) than higher caseload hospitals. Reliability adjustment provides more stable performance estimates and improved hospital performance prediction compared with nonhierarchical modeling. 19, 21 Both regional and national quality-improvement platforms use reliability adjustment for performance reporting, 22, 23 and MBSA-QIP is considering reporting reliability-adjusted outcomes rates to accredited centers. 4 We identified outlier performance status based on the 95% CI of a hospital's risk-adjusted rate. If the upper limit of a hospital's CI was less than the average rate (ie, the 95% CI was both less than and also excluded the average outcomes rate), that hospital was a "low" outlier (better than expected performance). Conversely, if the lower limit of a hospital's outcomes rate CI was greater than the average rate, it was a "high" outlier (worse than expected performance). See Figure 1 for examples of low and high outliers in a performance report. For our first analysis, we calculated reliability-adjusted outcomes rates and outliers within each hospital caseload tercile. In our second analysis, we calculated adjusted outcomes rates from all hospitals at once.
Calculating outcomes reliability
Reliability is an estimation of the degree to which differences in hospital outcomes rates reflect true quality differences after accounting for patient risk.
14 Mathematically, reliability is calculated using the formula [signal/ (signal þ noise)], with possible results ranging from 0 (no reliability) to 1 (perfect reliability). Commonly accepted reliability thresholds for performance monitoring are 0.70 to 0.90. 14, 15 For this study, we estimated reliability using previously described methods. 6, 7 In brief, we used hierarchical regression models with the hospital specified as the higher level for each of the outcomes. "Signal" represents hospital-level variation after controlling for known influences (ie, patient comorbidities, insurance, procedure type, etc). We define signal as the hospital-level random intercept variance in the fully adjusted hierarchical model (using the covariates mentioned above). "Noise" represents within-hospital measurement error and is influenced by the risk-adjustment model used and hospital caseload (sample size). We estimated each hospital's noise using standard techniques for measuring the standard error of their predicted outcomes rates. Finally, to assess the robustness of our findings, we performed several sensitivity analyses. In one, we assessed reliability and outliers for laparoscopic gastric bypass procedures only. In another, we categorized hospitals a priori using historic caseload cutoffs for accreditation (<50 cases, 50 to 124 cases, and 125 cases) rather than used caseload terciles. Results from both analyses were nearly identical to those presented here.
We performed all analyses using STATA software, release 12 (Stata Corp). All reported p values are 2-sided with a set at 0.05. All analyses were conducted in accordance with the data use agreement for Healthcare Cost and Utilization Project data through the Agency for Healthcare Research and Quality. 12 The University of Michigan Institutional Review Board approved the study protocol.
RESULTS
Characteristics of adults undergoing laparoscopic or open
stapling procedures in 12 states in 2010 are shown in Table 1 . Overall, we identified 31,240 adult patients in 198 hospitals. Patient demographics, comorbidities, and procedures were similar across hospital caseload terciles, with the exception of more laparoscopic gastric bypass procedures in hospitals with the highest caseloads (92.6%) than hospitals with the lowest caseloads (82.9%) ( Table 1) . Table 2 shows adjusted outcomes rates, outcomes reliability, and outlier detection across terciles of hospital caseloads. The ranges of hospitals' adjusted outcomes rates were broadest for overall complications (mean 6.1%; range 1.8% to 34.3%) and serious complications (mean 2.0%; range 0.6% to 6.8%) and narrowest for mortality (mean 0.1%; range 0.1% to 0.4%). The most reliable of the outcomes was overall complications (mean reliability 0.664), followed by serious complications (mean reliability 0.475) and reoperation (mean reliability 0.374). Mortality was the least frequent and least reliable of the outcomes ( Table 2) . As hospital caseloads increased, mean outcomes reliability increased, as did the proportion of outlier hospitals. Notably, all groups of hospitals had outliers for overall complications and serious complications. For example, among hospitals with the lowest caseloads (mean 56.4 cases), mean reliability for overall complications was 0.491 and 4 (6.0%) hospitals had outlier performance. Among hospitals with the highest caseloads (mean 298.2 cases), mean reliability for overall complications was 0.785 and 20 (30.3%) hospitals had outlying performance (Table 2) . For outcomes with less frequent event rates (eg, reoperation and mortality), reliability levels and proportions of outlying centers were lower, but displayed the same overall trends as overall complications. Figure 2 demonstrates performance reports for a reliability-adjusted outcome metric (ie, serious complications) across different hospitals based on their caseloads. As expected, the precision of hospital outcomes rates was greater (ie, narrower 95% CIs) with higher caseloads. High outliers (worse than average performance) were seen in all groups (Figs. 2AeC) , but low outliers (better than average performance) were only seen at the highest caseloads (Fig. 2C) . Results for other outcomes were similar, with the exception of mortality, where no low outliers were identified even at the highest caseloads.
Figures 3A to D show an example performance report for serious complications generated using all hospitals, then sequentially limiting the report to hospitals meeting different caseload thresholds. Although some high outlier hospitals were lost as reporting thresholds increased, the overall proportion of outliers increased, demonstrating that the main effect of increasing caseload thresholds for reporting was to reduce the number of lower caseload hospitals with statistically "average" performance (Figs. 3AeD) .
Our sensitivity analyses examining laparoscopic gastric bypass procedures and using different caseloads to define hospital groups showed similar results (Appendix 1A and Appendix 1B, online only; available at: http://www. journalacs.org). Hospital mortality was too rare for laparoscopic gastric bypass (0.06%) and we did not examine it as one of the outcomes for that procedure, similar to other authors. 8 When assessing hospital groups based on a priori caseload cutoffs (<50, 50 to 124, and 125 cases), we saw the same general trends for all outcomes, with overall complications and serious complications having the highest reliability levels and most outliers detected (Appendix 1B and Appendix 2, online only; available at: http://www.journalacs.org).
DISCUSSION
We have demonstrated that overall complications and serious complications have adequate reliability for differentiating hospital performance with bariatric surgery across a broad range of hospital caseloads. Reoperation had adequate reliability for hospitals with higher caseloads (120 cases/year and higher), but not for hospitals with lower caseloads. Mortality had unacceptably low reliability for bariatric performance profiling at all caseloads. As expected, hospitals with higher caseloads were more likely to be outliers due to more statistical power. Although overall complications and serious complications were common enough to allow identification of poor-performing outliers (worse than expected performance) for most hospitals, the ability to identify high-performing outliers (better than average performance) was seen only among hospitals with the highest caseloads. These findings provide guidance to bariatric surgery performance measurement platforms about which measures to emphasize.
It is critical that performance measurement programs account for the reliability of outcomes measures. This will allow them to emphasize outcomes that provide meaningful peer comparisons, especially when adjusted performance and benchmarking are increasingly tied to accreditations, referral, and reimbursement. 24 Commonly accepted reliability benchmarks for performance monitoring are 0.70 to 0.90, 14, 15 although some authors have proposed lower thresholds (0.40 to 0.70) for surgical quality reporting. 25 We have shown that overall and serious complications have the highest reliability among bariatric surgical outcomes and can be used to identify outlier performance for most hospitals. In addition, we found higher reliability levels than previous studies for most bariatric outcomes, 7 probably due to complete sampling (100% of bariatric cases at each hospital) in our dataset. Our findings suggest that hospitals with lower caseloads can be meaningful participants in a national bariatric qualityimprovement program. These low-volume centers will contribute valuable patient information for risk modeling and can expect to receive meaningful feedback about their overall complication and serious complication rates. In contrast, mortality after bariatric surgery was so rare that it could not be used to make any meaningful peer-based comparisons for any group of hospitals. Given how rare and important postoperative mortality is, it would be more beneficial for centers to review their deaths at a local level for quality improvement. Alternative strategies might include providing hospital mortality measures for a group of operations combined at the specialty level, which would increase sample size and reliability of the mortality measure, or using different monitoring methods, such as control charts.
A helpful analogy when considering outcomes reliability is statistical power in clinical trials. Analogous to type II errors in underpowered clinical trials (ie, failure to detect differences between groups when they exist), outcomes with low reliability will be unable to provide meaningful differentiation of provider performance. This was demonstrated in the current study, where outcomes with low reliability (eg, reoperations) were much less able to identify outlying performance compared with outcomes with higher reliability (eg, serious complications). With unreliable outcomes, there is also an increased chance of misclassifying hospital performance. 15, 21 This has important implications in qualityimprovement initiatives. If hospitals misinterpret extreme performance based on an unreliable quality metric, they can expend resources investigating and amending what might truly be average performance. This is referred to as "tampering" in the quality-improvement lexicon. 26, 27 In addition, centers mislabeled as having better than expected performance might be used to derive best practices for dissemination to all hospitals, when in fact they are average performers. Accounting for outcomes reliability when profiling hospital performance will allow the context of the high and low outliers to be taken into accurate account. These findings are especially important given that rates of adverse outcomes for bariatric surgery have declined dramatically in recent years. The improvement is a success story in surgical safety but has made it more difficult to measure hospital performance. 2, 8, 9 As national surgical quality improves and adverse events become less frequent, outcomes' reliability necessarily decreases. In response, surgical quality-improvement platforms have increasingly used statistical methods that account for lower outcomes reliability, so-called "reliability adjustment." Both national and regional quality-improvement platforms use reliability adjustment for performance profiling, and the new MBSAQIP platform is considering using reliability-adjusted outcomes to profile hospitals as well. 4, 22, 23, 28 By accounting for patient clustering and caseload differences between providers, reliability adjustment "shrinks" hospitals' adjusted outcomes rates toward the overall average rate. 21 As a result, many lower-caseload centers will have average performance for rare outcomes like reoperation. This underscores the importance of including other strategies in addition to adjusted outcomes feedback in quality monitoring and improvement.
There are several strategies MBSAQIP should consider for maximizing quality-improvement efforts in the face of outcomes with low reliability levels. In the early stages of accreditation under the new standards, centers could focus on process measures for improvement (eg, continuous positive airway pressure masks in the post-anesthesia recovery unit or improving long-term follow-up rates). Such efforts require small capital investment and are important to continuous quality improvement. Second, MBSAQIP can consider limiting reporting of rare outcomes (eg, anastomotic leak, venous thromboembolism) until centers have accrued a threshold number of cases to reduce the number of average centers on the report. Third, they can consider profiling hospitals using composite measures that combine metrics from different care domains (eg, structural attributes, process compliance, and readily identifiable outcomes). Composite measures have been shown, in general, to have higher reliability than single outcomes metrics for other procedures, 24, [29] [30] [31] [32] and might be especially useful for hospitals with lower caseloads. Fourth, they should consider following their relative performance longitudinally. Although reliability adjustment decreases outcomes variation across hospitals, it also decreases the risk of misclassifying hospital performance. 15, 21 This should allow more accurate assessment of temporal rank changes that represent quality differences and not statistical artifact caused by sample size. Such changes would be of interest to continuous quality-improvement efforts no matter where the hospital lies on outcomes distribution and could be used by hospitals with any caseload. It deserves mention that although the focus of the study was on risk-adjusted outcomes feedback, such feedback is one of many components of a successful quality-improvement program, and should be used in conjunction with other quality indicators to monitor and improve hospital performance.
Our work has important limitations. First, although we used a validated algorithm to detect outcomes from claims data, clinical registry data with standardized definitions can provide more robust outcomes. 8, 33 However, the focus of the current study was evaluating the reliability of common outcomes for performance profiling and outlier detection across hospital caseloads. In addition, the outcomes rates observed in the current study were consistent with other studies, including those using clinical registries. 22, 34 Second, we could not evaluate other outcomes meaningful to a bariatric quality-improvement platform, such as effectiveness of the procedures for weight loss and comorbidity resolution or patient experience. However, the same issues with caseload and adjustment methodology would be expected to influence those outcomes' reliability levels and usefulness for performance profiling as well. Third, we could not account for different operative techniques, procedure time, or operator skill, which have been shown to influence outcomes rates after bariatric surgery. [35] [36] [37] [38] However, this was mitigated by our sample size and validated risk-adjustment strategy.
CONCLUSIONS
The current study shows that overall complications and serious complications have sufficient reliability for profiling bariatric performance, and can be used to identify outlier performance across a broad range of hospital caseloads. The MBSAQIP will be an important step toward national bariatric surgical quality improvement. Given national trends toward improvement, especially in bariatric surgery, a welcomed challenge will be identifying how best to use risk-and reliability-adjusted outcomes. Accurate identification of reliable outcomes is critical to identifying accurate targets for quality improvement and best practices to be shared between centers. Ensuring the data available to centers accredited by MBSAQIP are valid with regard to reliability adjustment will help establish the value of the program to surgeons, hospitals, and outside third parties. 
